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Abstract 
As competition increases in the online world, website owners will investigate ways in which they 
can attract more users. Additionally, many consumers suffer ever-increasing time limitations when 
browsing for a particular item on a website. Users can become frustrated and stressed when they 
are unable to find those items due to poor information scent, or semantic cues that are meant to 
lead to their goal. This paper presents and tests a theoretical model to predict how information 
scent can reduce the amount of stress that consumers experience when seeking information under 
time constraints. The study also demonstrates the relationships between information scent, time 
constraints, stress, performance and attitudes toward the website. Results indicate that while high 
information scent is an important design goal, scent can only be assessed by taking the user’s task 
into account. 
Keywords: Human-computer interaction, Internet, language, stress and anxiety, information scent, 
latent semantic analysis 
 
Résumé 
Les utilisateurs peuvent être stressés et frustrés de perdre du temps lorsqu’ils ont du mal à retrouver des 
renseignements sur un site web à cause d’une mauvaise « senteur des informations » (les signaux sémantiques qui 
doivent mener à un objectif). Cette étude évalue le stress généré par différentes contraintes de temps et examine un 
modèle qui relie la senteur aux contraintes, à la performance, aux attitudes à l’égard du site, et en fin de compte, au 
stress. 
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Introduction 
Business-to-consumer online stores seem to have defied the “internet bust,” with online retail sales continuing to 
increase steadily while the NASDAQ fell to half its all-time high in March, 2000. While the growth continues, the 
year-to-year percent growth in on-line sales has begun to slow over time from the high 20s of 2001 to the low teens 
of 2008 (Commerce Department, 2008). The slowing growth is likely to push on-line merchants to take steps to 
draw customers to their sites.  
Physical stores have some advantages over online stores, but also suffer some disadvantages. For instance, a 
physical store can provide social benefits by shopping with friends (Tauber, 1972; Shen et al. 2002), immediate 
gratification after a purchase, and the opportunity to touch and feel products (Connecting the Dots, 2007). An online 
store, however, allows shoppers to avoid the cost and time of physical travel, enables the filtering of results by 
“drilling down” quickly via category links or search tools, and provides an ability to store and make use of 
information from previous transactions. Such information can be used to examine trends in those purchases, predict 
future purchases, and even to suggest other products that each consumer might want next (Xiao and Benbasat, 
2007). 
To tilt the scales in the direction of online stores, there are many opportunities to improve the online user’s shopping 
experience, making shopping easier, quicker, and more enjoyable. Many studies have supported the assertion that a 
website’s design can greatly influence a user’s satisfaction. While some have focused on product costs (Bryjolfsson 
and Smith, 2000), others have examined costs of time and effort (Galletta, et al., 2006; Nah and Kim, 2000; Rose 
and Straub, 2001; Sears and Jacko, 2000). 
Unfortunately, we have not yet arrived at a science of website design. Many sites need usability improvements in a 
wide variety of areas (Department of Health and Human Services, 2006; Galletta, 2006). Sites are sometimes 
organized poorly, causing users to become disoriented and ultimately lost. In those cases, users must backtrack and 
sometimes even resort to “brute force” browsing to recover. The problem is most pronounced when sites are 
extremely deep, use unfamiliar terms in web links, and has significant interpage delay (Galletta et al., 2004; 2006).  
The difficulties are so pronounced that some researchers have for a long time studied the notion of information scent 
in the navigational links that take users through a website and toward their goal. Information scent is the strength of 
the terminology that serves to aggregate the product categories (Card et al., 2001, Pirolli et al., 2004). Information 
scent is the meaning that users extract from the available textual and visual cues on the website, to allow them to 
complete a task. These cues can include category labels, available text, pictures, or other navigational features. High 
information scent occurs when the user is easily able to match the available cues on the website to the user’s internal 
mental model of the task problem. Poor information scent plagues many sites and researchers have examined 
consequences such as negative impacts on attitudes towards the site, intentions to return, and ability to find products 
needed (for example, see Galletta et al., 2004; 2006).  
Another difficulty is that sometimes buyers desire or need to limit the amount of time they can devote to finding the 
information they need to make a purchase. A variety of day-to-day pressures exist, such as work deadlines, limited 
breaks, or family situations. These demands have increased in recent years to such an extent that mental health in the 
USA is in jeopardy (Worthman et al., 2003). Even if particular individuals are not rushed, the extra time required to 
wander, sometimes aimlessly, around a site that has many levels and categories provides measurable stress (Galletta, 
et al., 2007).  
To address these issues, researchers should investigate the usefulness of the categories real sites use to aggregate 
content and thereby improve the ability of website users to accomplish their navigational tasks. To that end, this 
study addresses the role of task in assessing these aggregated categorical labels, explores the contribution of time 
constraints to user frustration, and measures effort-related stress, one of the consequences of that frustration. This 
study utilizes two theoretical approaches to explain how navigational aids can improve user performance and 
website-related attitudes on actual websites. We further show how information scent can be objectively measured 
through latent semantic analysis. Finally, we propose and test a theoretical model of the interrelationships between 
time constraint, task performance, stress and website-related attitudes. 
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Theoretical Foundation 
Two main theories are used to develop the theoretical model. This section will first explain Information Foraging 
Theory (Pirolli and Card 2005), which describes how users acquire meta-knowledge from navigational cues (links) 
on a website. The alignment of these cues with the website users’ task of finding certain information desired on the 
website will increase the probability of quickly finding the right information. The second theoretical base is the 
Heuristic-Systematic Processing Model (Chaiken 1980), which depicts how information seekers process information 
and thereby are able to find desired information. 
Information Foraging Theory 
Information Foraging Theory (IFT), first introduced and then refined by Pirolli and colleagues (Pirolli and Card 
1995; Pirolli et al., 2003), was extended from the ethological/ecological theory of Optimal Foraging (Stephen and 
Charnov 1982; Stephen and Krebs 1986). Optimal foraging theory was originally developed to explain the prey 
selection habits of animals in the wild. Sandstrom (1994) first extended this theory to the behavior of humans within 
the library sciences field. IFT was subsequently developed to understand how and why users allocate attention to 
gathering and understanding information.  
IFT hypothesizes that systems will slowly move towards states that allow users to maximize their gains of valuable 
information per unit of cost expended by the information-seeker. Individuals attempt to optimize their information 
seeking behaviors by maximizing the rate of gaining valuable information while minimizing the cost of finding, 
extracting and understanding the information item (Katz and Bryne 2003). In terms of IFT, the received benefit is 
the desired information the seeker is attempting to locate. The value of information is determined within the context 
of a particular situation. For example, a person who is looking for airfares on a travel site might ascribe little value 
to dozens of the links on the home page, such as those leading to booking cruises or rental cars because they are not 
germane to his or her task (Pirolli and Card 1999). On a future visit, however, one of those links might become 
central to a new goal. 
Most intra-site links provide access to a lower-level page in a hierarchy, many of which are grouped in some way 
because limited screen and cognitive capacity prohibit the ability to have every link available on the home page. The 
groupings are sometimes quite intuitive, such as those leading to digital cameras versus those leading to camcorders. 
Unfortunately, however, the groupings might seem arbitrary, such as a major manufacturer (Canon) that organizes a 
site by consumer products, office/production products, and industrial products. A professional photographer looking 
for a $6,000 lens would need to look under “cameras” within consumer products. That path might not be as 
expected; there could be an argument that such an expensive lens for a professional could be categorized as an 
industrial product. It might also be unexpected to have to look under “cameras” (especially represented by a point-
and-shoot icon) to find such a lens, as a professional would think of lenses as a category quite distinct from cameras.  
IFT posits that information is found in patches, which is represented by the groupings on web sites. The forager 
must constantly decide whether to continue looking for information in the current patch or move to a new 
information patch with potentially more desirable information (Pirolli and Card 1995). This process is quite rational 
(Chi et al., 2001), and is guided by information scent, a vital navigational cue defined within IFT theory. Most sites 
organize the content according to one or more schemes that make sense for tasks they imagine foragers will perform. 
For instance, someone who is trying to choose a restaurant while out of town might wish to find the lowest-priced 
option near the hotel. A site that allows organization by neighborhood and then by price would seem ideal for such a 
task. However, if the distance and cost are not prominently displayed, the task might be so difficult as to push the 
forager to try another patch (website). 
It is important for the designer to take into account the tasks that users will try to accomplish on the site. It is non-
trivial to determine all of these tasks. For instance, another traveler might be looking to optimize the combination of 
price, quality, and distance. It might be easy to find from a hotel concierge if there are any highly-rated places 
nearby that are affordable, but such a multidimensional comparison might be more difficult to perform on a website. 
Information Scent 
Information scent, also called residue (Furnas 1997) and surrogate (Kerne and Smith 2004), refers to proximal, 
imperfect, informational cues (e.g., weblinks) used by an information seeker to assess the relative value of 
potentially-desired, distal information (Card et al., 2001; Pirolli et al., 2004). The judgment of value is indirect and 
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is based on the proximal cue provided by the information scent gathered from the content of the web page (Pirolli et 
al., 2004). Information scent is an inference made by the user of the potential of finding the desired information on a 
distal page; is also provides some description of the potential item and how it can be found (Kerne and Smith 2004). 
With the previous restaurant example, a link such as “restaurant finder” might be an imperfect indicator of what is 
desired, but a link that says “nearby bargain restaurants” might have stronger scent to match the user’s task. 
To navigate websites, it is imperative that the user be able to comprehend text, images and other forms of 
communication that prepare the information seeker for selecting and choosing which particular course to navigate 
(Blackmon et al., 2002). Users act on navigational cues that they perceive as being most similar to the goal of their 
information retrieval (Blackmon et al., 2002). Information scent plays a vital role in providing information to the 
forager about the overall content of information currently available on the given webpage (Pirolli et al., 2005).  
The site cannot have high or low information scent without an associated task; the task dictates the strength of the 
scent. The link “restaurant finder” might be most promising to the forager who is looking for the lowest price 
available. The link “nearby bargain restaurants” on a restaurant site would be quite strong for the forager seeking a 
memorable meal but at an affordable price. It is possible that the ability to perform the task will affect the perception 
of the user as to overall quality of the site. 
Employing a search engine on the site would theoretically allow users to jump right to, or at least much more closely 
to, the target page. Unfortunately, those searches are highly dependent not only on the terms used, but also on the 
skills of users and characteristics of the engine itself. Adding terms and making use of other advanced search 
procedures available on many sites will not always provide the expected result. Ziegler (1996) reported that most 
people avoid search tools “because they're too complicated” (p. B1). This is partly because of having to learn the 
unique syntax and behavior of each search engine (Lohse & Spiller, 1998), partly because searching is simply a 
difficult task for most users (Gauch & Smith, 1991; Blair & Maron, 1985), and partly because most search outcomes 
lack precision, resulting in a large number of irrelevant documents (Kaindl, et al., 1998). 
It is important to establish, however, that information foraging and search technologies are complementary. As in a 
browsing task, the results of searching are provided as links (along with brief descriptions). The information seeker 
must review each search result to determine which has the best scent. Furthermore, upon making the best choice, the 
seeker might face a browsing task to find the goal. Therefore, current technology does not supplant IFT, as IFT 
applies just as well to evaluating search results and subsequent actions needed to arrive at the target. 
Time Constraints in Information Retrieval 
Chaiken (1980) defined the Heuristic-Systematic dual processing model to explain human information processing. 
People process information in one of two ways (systematically or heuristically) given that they are motivated and 
have the ability to process information. Ideally, if people are not constrained, information will be processed in a 
systematic fashion. However, if a constraint such as time is placed on their ability to process information, they will 
adopt heuristics, or information processing shortcuts (Dhar and Nowlis 1999). Below, we describe the difference 
between systematic and heuristic approaches to information processing (summarized in Table 1).  
Table 1. Comparison Between Systematic and Heuristic Approaches to Information Processing 
Characteristic Systematic Heuristic Research Support 
When is this 
approach 
utilized? 
When individuals are 
motivated and unconstrained 
in their ability to retrieve 
When individuals are 
motivated but constrained in 
their ability to retrieve 
Chaiken (1980) 
What information 
is analyzed? 
More information is 
processed and each item is 
processed more extensively 
Information is first filtered 
for relevance. During 
processing, unique traits are 
analyzed to distinguish the 
item from other items 
Chaiken (1980) 
Kruglanski and Freund (1983) 
Suri and Monroe (2003) 
What amount of 
cognitive effort is 
required? 
More Less; heuristics minimize 
the need for cognitive 
involvement 
Suri and Monroe (2003) 
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Systematic. Refers to the explicit attempt of an individual to analyze and consider all facets of an informational item. 
This type of approach entails a detailed review of the informational content that can be used to review and compare 
each item against all other items (Chaiken 1980). A person looking to optimize restaurant quality, distance, and 
price might assign weights for each criterion, score each choice, and calculate which receives the highest score.  
Heuristic. Refers to the filtration of information due to the use of shortcuts prior to any processing. Information that 
is judged to be of little potential value will be summarily disregarded (Suri and Monroe 2003). Individuals will rely 
on more accessible information to judge the information based on unique characteristics, rather than every piece of 
information available (Kruglanski and Freund 1983). For example, the traveler might omit all restaurants outside of 
a 5-block radius, under a score of 3.5 out of 5, and beyond $40 per person. While this approach prunes the list to a 
more manageable size, it will fail to uncover an excellent find that is just over 5 blocks away, or with a score of 3.4, 
or at $41 per person.  
Time-constrained seekers resort to heuristic information processing so that an acceptable decision can be reached in 
the allotted time. Due to feelings of time pressure, a seeker might not review all information in a systematic fashion, 
and therefore might be unable to reach an optimal solution. As previously stated, the user can adopt one of several 
strategies: process information more quickly, or filter the information to reduce its volume (Suri and Monroe 2003). 
Both of these strategies rely upon the use of heuristics; either to preemptively filter information that appears to be 
irrelevant to the current retrieval and allow the seeker to gather items at an increased pace, or to allow the user to 
more rapidly disregard already-found items that appear to be of lesser value given the informational need of the user. 
The use of heuristics allows the user to gather enough information to arrive at a locally-optimized solution based on 
the information that is gathered through his/her retrieval behaviors (Pirolli et al., 2004).  
In essence, information seekers working under time constraints choose to satisfice by seeking for a locally optimal 
solution to an ill-defined problem (Pirolli 1999). The forager is unable to acquire all the potentially available 
information to solve the problem. This collection effort will continue until the cost exceeds the value of the 
information-seeking task, at which point the seeker will reach a bounded, optimal solution based on the limited 
information that is available (Pirolli and Card 1995). 
Research Model 
Based on the relevant theory, we propose the following research model shown in Figure 1. The model suggests that 
users experiencing time constraints should expend effort attempting to simplify the task, leading to increased levels 
of effort-related stress, which in turn affects the ability to successfully complete specified information-seeking tasks. 
Similarly, websites that have higher amounts of information scent should enable the forager to more quickly locate 
the desired information. Similarly, the forager will expend less effort in performing these retrievals, and should 
therefore be under lower levels of stress. Additionally, based on attribution theory, foragers will attribute successful 
retrievals to the website and have more positive attitudes towards the site as a result of the successfully completed 
task. Each hypothesis is described and developed below. It is important to note that the model applies equally well to 
browsing for items to purchase, for information to make a decision, or simply for material to read, and adopts the 
point of view of the information seeker.  
Our model uses attitudes towards a website, or website attitudes (Galletta et al., 2004, 2006). In this study, website 
attitudes is defined as the users’ affective evaluation of the site (Aladwani and Palvia 2002). User performance 
reflects the user’s ability to successfully complete the information-seeking tasks using the experimental websites. 
Previous studies have found that people experience effort-related stress when placed under a time constraint (Keinan 
1987; Ordóñez and Benson 1997). Stress is a result of the competing cognitive functions experienced by the user 
(i.e., the need to seek for desired information vs. the time constraint placed upon the retrieval by an external entity). 
By forcing users to complete the tasks within a given timeframe, users should feel increased amounts of stress 
(Jacobs et al., 1994; Wierwille 1979). The conflicting drive to complete the task within a given timeframe that is not 
reasonable causes the individual to feel increased amounts of stress, which reduces the amount of cognitive 
resources available to complete tasks. In line with previous research, we propose: 
H1: Individuals forced to complete the experimental task while under a time constraint will experience 
higher levels of effort-related stress than those without a forced time constraint. 
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Figure 1. Proposed Research Model 
 
Previous research in psychology has identified two opposing effects of stress on individuals (Eysenck and Calvo 
1992). At low levels, stress has a positive relationship with performance, given that people need some basic 
incentive to move from a resting position. However, when stress passes a given threshold, performance decreases. 
This study focuses on the upper half of the threshold, under the assumption that the basic pressure to initiate 
performance has been reached. At higher levels, stress inhibits the ability of an individual to process information 
(Suri and Monroe 2003) and causes a sense of worry or anxiety, which interferes with cognitive functioning 
(Eysenck and Calvo 1992).  
Additionally, with reduced capacity to process information, users will have a reduced ability to correctly filter 
information and successfully complete retrievals. The effort-related stress experienced by the user effectively 
reduces the ability of the seeker to focus cognitive resources on the given task, which results in weaker effort and 
thus poorer performance. As such: 
H2b: Individuals with higher levels of effort-related stress will have lower performance scores as 
compared to individuals with lower levels of stress. 
 
Similarly, according to information processing theory, users with reduced time available to complete retrieval tasks 
will have more difficulty completing all tasks due to the decrease in available cognitive resources. Additionally, the 
constraint may not allow users to recheck work or identify errors in their decisions. Therefore: 
H3: Individuals forced to complete the experimental task while under a time constraint will have lower 
performance on website retrieval tasks than those without a time constraint. 
 
Due to the nature of an information-seeking task on the Internet, foragers are in need of cues to guide them to where 
relevant information is located. Information scent provides these cues. Higher information scent indicates the 
presence of relevant information, saves time, and reduces effort by indicating whether the forager should continue 
browsing in the given patch or continue to a new patch, be it a new section of the website or another website. When 
items sought are more quickly and easily found, it is likely that users will feel less stress as the level of uncertainty is 
decreased and less effort is needed to complete each task. Therefore: 
H4a: Increased levels of information scent should increase the performance of the website user as 
compared to websites with low information scent. 
 
Additionally, it is possible that the effect of information scent on stress may instead interact together on 
performance. Specifically, website tasks that have high information scent may alter the magnitude of the effort-
related stress on performance. Thus, even though a task may be difficult to perform, the higher informational cues 
may allow the information seeker to perform at higher levels. While lower levels of information scent may even 
further reduce the performance of the information seeker.  
H4b: Information scent will moderate the relationship between stress and performance.  
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As the Internet has become a common tool in today’s society, many individuals have become very confident in their 
ability to routinely locate information on a website (Mansourian 2007). However, there are times when users 
experience an unexpectedly easy or difficult time in locating information on a website. Because previous experience 
provides a baseline expectation, the cause for exceeding or failing to meet expectations will be attributed to an 
external source, according to attribution theory (Kelley 1973; Kelley and Michela 1980). Because of these external 
attributions, users will typically credit the website for high performance (successful or very easy navigation) and 
will blame the website for low performance (unsuccessful or very difficult navigation). Therefore: 
H5: Increased performance levels will cause the user to attribute positive results to the website resulting in 
increased attitudes towards the website when compared to low performance levels 
Methodology 
This study utilized a between- and within-subjects 2x3 factorial design. There were two levels of information scent 
(high vs. low) and three levels of time constraint (none vs. low vs. high) placed upon the 131 foragers who 
volunteered for the study. The no-time constraint condition was used as a control condition to use as a baseline to 
compare the effects of the time constraints on the subjects. Each treatment group was composed of 12 subjects who 
were all exposed to the same time constraints. Subjects in each treatment group were exposed to both high and low 
information scent conditions. Each constraint will be described in more detail below. 
Procedures 
Lab sessions consisted of up to twelve subjects at a time who were recruited from undergraduate introductory 
psychology and information systems courses. The experimenters explained the general background and importance 
of the experiment and described that the experiment consisted of browsing within two websites without the aid of a 
search engine to answer specific questions that was provided in an experimental packet.  Each subject received a 
packet with instructions, a page that contained five information-related foraging tasks for an assigned website 
followed by a questionnaire assessing attitudes towards the website. A second section contained 5 more tasks for a 
second website with the same questionnaire on the following pages. 
Time-constrained Manipulation Procedures 
The handout and verbal instructions indicated that the lab session had either a time limit (either 6.5 or 13 minutes) to 
work on these tasks, or no time constraint (for the control group). These times were based on a pilot study of the 
experiment with twelve subjects. The average time to complete tasks with high information scent was 7 minutes and 
15 seconds, while the average time required to complete tasks with low information scent was 11 minutes and 45 
seconds. In order to manipulate effectively the time constraints for the majority of participants, we reduced the high-
time constraint’s average time by 10%, which resulted in a 6.5-minute time constraint (high constraint condition). 
Similarly, we increased the low time constraint’s average time by 10%, which resulted in a 13-minute time 
constraint (low constraint condition).  
All subjects began the experimental tasks at the same time in each group, and an online stopwatch was used to 
synchronize starting and stopping times. At the end, all participants were instructed to turn the page and respond to 
the questionnaire that was used to assess attitudes towards the website. Additionally, subjects were informed that if 
they completed the experimental tasks before the deadline was completed to press a button on their biometric 
device, which would leave a marker in the data field indicating that the subject had completed the tasks.  
Experimental Websites 
Four real websites were selected for the context of this study. Two regional bed and mattress e-businesses and two 
regional sporting goods stores were chosen by examining them to make sure they were of roughly equivalent size. 
Also, we made sure the stores were located far from the area of the University to limit the number of subjects who 
might have visited and purchased from the sites recently. Real websites were used to enable a large variety of tasks 
due to the complexity and to the real nature of these websites, which would not be possible with fabricated 
experimental websites. With many products to sell, participants were unlikely to easily or accidentally locate an 
item. Instead, subjects were required to use navigational clues to browse for, and eventually locate, products, 
services or information required by the experimental tasks. 
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To further demonstrate the importance of information scent in accomplishing specific and common tasks on 
websites, we also manipulated information scent. Identical tasks were provided for each category of site (mattresses 
or sporting goods), and half of those tasks favored one of the two sites within the same category, and the other half 
favored the other site. That is, the first five tasks defined the first mattress site as high scent and the second mattress 
site as low scent. Another set of five tasks resulted in opposite scent judgments, where the scent in the first mattress 
site was consistently lower than that of the second site. The assessment and validation of high and low scent are 
described below. In this manner, each website had two alternate sets of five tasks that were used for the experiment. 
Subject Motivation 
All subjects were given course credit for participating in the study. Additionally, subjects were motivated to 
successfully respond to the experimental tasks through the use of prizes. Subjects were informed that the top three 
performers (as indicated by the number of correct responses) in each time treatment condition would win $25, $15, 
and $10 prizes, respectively.  
Measures 
Information Scent 
As information scent depends upon the task being performed in a given context, the information scent to complete 
an experimental task for a website was evaluated by the authors, judges and a latent semantic analysis. Initially, a 
pool of 20 items for each site were developed, with 10 intended to be of low scent for the first site and high for the 
second site, and another 10 intended to be of high scent for the first site and low for the second site. To further check 
the validity of our judgments, we had a panel of five doctoral students rate the scent of the given tasks for each 
website. These students were provided training in regards to high and low scent as per Information Foraging theory. 
Interrater reliability for the chosen tasks was measured at 90%. 
Additionally, to further test the reliability of this measure, a latent semantic analysis was performed with IUNIS (An 
information scent measurement tool based on latent semantic analysis developed by Chi et al., 2001) to provide a 
quantitative assessment of the information scent of the tasks with each experimental website. The analysis was 
performed on the task text and all available text on the homepage for the given website and provides the measured 
scent between the experimental task and the website. We chose the 5 best tasks in each group to serve as the final 
experimental tasks. Not surprisingly, the results of latent semantic analysis were very similar to the raters’ 
judgments. The results of this analysis for the final tasks are shown in Table 2 below, while Table 3 shows the 
paired t test sample of mean differences within the website (high vs. low scent) and between the website and its 
sister-site within the same store domain (high scent of the site vs. low scent for the sister-site). The last test shows 
that, with the same questions, changing the website makes a significant difference in information scent. 
Table 2. Summary of Latent Semantic Correlations of Information (Final Experimental Tasks by Website) 
 Mattress Store 1 Mattress Store 2 Sporting Goods Store 1 Sporting Goods Store 2 
Task 1 0.18 0.01 0.63 0.05 
Task 2 0.36 0.06 0.44 0.05 
Task 3 0.39 0.04 0.31 -0.03 
Task 4 0.17 -0.03 0.68 0.11 
Task 5 0.30 0.17 0.48 -0.01 
 
Task 6 -0.04 0.17 0.00 0.13 
Task 7 -0.03 0.67 0.03 0.21 
Task 8 0.04 0.49 0.13 0.80 
Task 9 -0.01 0.10 0.09 0.25 
Task 10 -0.01 0.56 -0.01 0.24 
Note: scores can vary from -.99 to .99; higher positive scores indicate higher scent; bold scores are the ones included 
in the high scent task-site pairing 
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Table 3. Summary of T-tests Within and Between Websites for Information Scent Levels 
 High Scent Task 
Average 
Low Scent Task 
Average 
Difference Within 
Site 
(high vs. low 
scent) 
Difference 
Between Sites 
(high scent of site 
vs. low scent of 
other) 
Mattress Store 1 .28 -.01 .29 
(t = 7.39, p < .01) 
.23 
(t = 5.59, p < .01) 
Mattress Store 2 .40 .05 .35 
(t = 3.85, p < .01) 
.41 
(t = 3.71, p = .01) 
Sporting Goods 
Store 1 
.51 .05 .46 
(t = 5.75, p < .01) 
.48 
(t = 9.91, p < .01) 
Sporting Goods 
Store 2 
.33 .03 .30 
(t = 2.13, p = .05) 
.28 
(t = 2.78, p = .02) 
 
Website-specific Attitudes 
A previously developed and validated instrument was used to gather the attitudes towards the website (Galletta et 
al., 2004; 2006). Questions were modified slightly to reflect the context of the experiment, tasks performed, and the 
websites used.  
User Performance 
User performance is an objective score obtained from the successful completion of experimental tasks. All subjects 
were given ten tasks to complete (5 per site). User performance was judged as the number of completed tasks less 
the number of inaccurate answers reported by subjects for the tasks.  
Stress 
All subjects were attached to non-intrusive Body Media™ biometric readers (much like cuffs used to measure blood 
pressure, except that they were not tightened to constrict bloodflow). The readers assessed galvanic skin response 
(GSR), used as a physiological indicator of stress. Due to the variance of time that subjects were exposed to the 
websites, stress was measured by loading standardized scores of each subject’s average GSR during the first four 
minutes of interaction with the website. The first four minutes were utilized as the level of the GSR stabilized after 
the first initial three minutes, thus an average provided a baseline score for the website. Medical research reports that 
these responses are strongly correlated with stress due to cognitive effort (Jacobs et al., 1994; Wierwille 1979).  
Time Constraint 
All subjects were essentially under some level of constraint. Each constraint level was modeled based on the amount 
of minutes that subjects were given to complete the tasks. Subjects with the high time constraint were given 6.5 
minutes to complete the task, while subjects in the low time constraints condition were asked to complete the task in 
13 minutes. Those in the control group were not given a constraint, although the labs were only scheduled for 75 
minutes at a time. No participant ever exceeded, or even approached, that time limit. 
Analysis and Results 
We performed our analysis using partial least squares (PLS) analysis. PLS is especially suited for early theory 
development (such as seen in this paper) as opposed to situations where prior theory is highly developed and further 
testing and extension is the primary objective. In those cases, techniques such as maximum likelihood or generalized 
least squares are often preferred (Chin et al., 1996; Chin et al., 2003; Gefen and Straub 2005). PLS is particularly 
helpful in cases such as ours that use interaction terms and a mix of formative and reflective indicators (Chin et al., 
2003). We used the package Smart PLS (2.0 beta version) for our analysis. 
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Several data transformations were performed prior to the analysis of data. Steps were taken to transform the data to 
account for differences in the results due to websites and individual differences. First, to account for individual 
differences in GSR, the average GSR for the first four minutes of each website was divided by the subject’s baseline 
measure: the average of the first three minutes of the experiment when subjects were being briefed to obtain 
informed consent. These ratios were then standardized for each website to account for differences that may have 
been due to mattress versus sports-related material on the websites. Additionally, the performance of individuals for 
websites was also standardized to account for website difference. 
To establish the factorial validity of our indicators, we followed the directions of Gefen and Straub (2005). First, we 
demonstrate convergent validity by generating a bootstrap with 200 resamples. We then examined the t-values of the 
outer model loadings; all of the outer loadings were significant at the .01 α level. These results indicate strong 
convergent validity in our model for the constructs with multiple indicators (stress and website attitudes). 
To demonstrate discriminant validity we used two established techniques: (1) correlating the latent variable scores 
against the indicators and (2) calculating the average variance extracted (AVE). Both analyses indicated very strong 
discriminant validity, with no items correlating with other constructs, nor showing scores higher than the square root 
of the AVE. All of the constructs were highly discriminated in the first technique, with no exceptions. 
Finally, to establish reliability, Smart PLS computes a composite reliability score as part of its integrated model 
analysis (Stress: 0.9969; Website Attitudes: 0.9366). Each construct in our research model demonstrated high levels 
of reliability that exceed the standard thresholds. Performance is a formative construct, so its reliability was not 
examined. 
Having established both convergent and divergent validity, we ran our model and used 200 resamples to obtain the 
significance levels of the hypothesized paths. The model is shown in Figure 2 below. 
 
* p < .10; ** p < .05; *** p < .001 
Figure 2. Model Analysis Results 
Based on the results in the model, all hypotheses are supported. The effects of information scent on performance and 
performance on website attitudes are very large and might be overpowering the effects of stress in this current study. 
The predictive power of our structural model is summarized in Table 5. Chin (1998) indicates that to demonstrate 
meaningful predictive power of a PLS model, one needs to show strong loadings, significant weights, high R2’s, and 
substantial/significant structural paths. He indicates that standardized paths need to be close to .20 (and ideally .30 
or higher) to indicate meaningful predictive power of the model. Thus, we conclude that, in general, our model has 
high predictive power. 
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Table 4. Predictive Power of the Model 
Construct (latent variable) Variance explained (R2) 
Performance .6614 
Stress .0987 
Website Attitudes .5053 
 
Finally, to test the effects of the interaction between information scent and stress on performance, a median split was 
performed for the level of measured stress by website. The graphs below show that generally, excluding the sporting 
goods store #2, that individuals experiencing lower stress (indicated by the dashed lines) were more positively 
affected by information scent than subjects experiencing higher amounts of stress (indicated by the solid lines). 
However, this interaction is reversed for the sporting goods store #2. As such, 4Hb is partially supported. 
 
 
  
Dashed line: low-stress subjects 
Solid line: high-stress subjects 
Figure 3. Interaction of Stress and Information Scent by Website 
Discussion 
As the results indicated, our research model is largely supported; the results are summarized in Table 5. The 
remainder of this section will focus on the hypotheses that were only partially supported (coming close to, but 
failing to reach the .05 level of significance). 
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Table 5. Summary of Support for the Hypotheses 
Independent Variable Dependent Variable Expected 
Effect 
Hypothesis Supported? 
Time constraint on retrieval Stress Positive H1 Yes 
Stress User Performance Negative H2 Partial 
Time constraint on retrieval Performance Negative H3 Yes 
Information Scent User Performance Positive H4a Yes 
Information Scent x Stress User Performance N/A H4b Partial 
Performance Website Attitudes Positive H5 Yes 
 
The path between stress and user performance is only marginally significant, and the smallest path coefficient in the 
model. The failure to reach significance could be an artifact of a small sample size, a small effect size, or the 
overshadowing of the effect from a more powerful antecedent such as information scent. To determine the 
plausibility of the manipulation power, a manipulation check was run which showed that the difference between 
high and low stress subjects was relatively small (.7 st dev.), but significant (t=2.98). However, when the same 
manipulation was run by information scent groups, the differences became great (20 st dev.) and highly significant 
(p<.0001). Thus we conclude that the weakness in support for this hypothesis is due to the powerful effect of 
information scent. 
Having briefly shown the strong effect of information scent on the felt stress of the subjects, it is important to note 
why the findings for H4b are still small. Although the path is weak and marginally significant, it is possible that this 
is due to a reversal of the predicted findings by one of the websites. Figure 3 shows that for the second sporting 
goods website, subjects with higher stress levels had higher standardized performance scores with high information 
scent rather than subjects with lower stress levels. If this path had been in the same direction as the other websites, 
the significant and strength of this path would have been greatly improved. 
This reversal may be due to the different nature of the website compared to the other websites. This website focused 
mainly on videos, interactive graphics and changing menus that were not present on the other websites. Thus, it is 
possible, that despite the time constraints, subjects began to experience positive activation that resulted from the 
increased entertainment value of the website (Mandryk et al. 2006). As such, the increased performance by subjects 
with higher galvanic skin response levels was indicative of subjects experiencing increased amounts of pleasure due 
to the entertainment value of the site. 
Contributions 
The contributions of this study include new methodological and theoretical approaches within the larger e-
commerce research stream. We had two main goals of this paper: (1) to illustrate new ways to examine website 
design and (2) to describe how information scent can affect typical e-commerce variables. To accomplish those 
goals, we applied two new theoretical explanations for why these effects occur. 
First, we have proposed and demonstrated that the performance of users in completing their tasks is an important 
element in determining their attitudes towards the website. Based on attribution theory, we show that when subjects 
can easily locate desired information on a website better than they usually do on other websites, they attribute this 
success to the website. Because the user feels that the site is designed to be easy to use, compared to other sites, this 
results in an increase in positive website-specific attitudes. Unlike most other studies on website design and e-
commerce this study shows that the actual behavior of an individual may alter the attitudes and intentions that affect 
the success of a given website. The use of attribution theory may provide alternative viewpoints and research 
questions that may have been overlooked in previous studies derived from other theoretical bases. 
Second, we utilized information scent theory to provide another perspective for website design. Website owners 
should attempt to derive a comprehensive list of specific tasks and goals of potential website users and measure the 
scent of their websites when faced with these tasks. We have demonstrated that information scent can be accurately 
analyzed through a Latent Semtantic Analysis tool developed and available online. Thus practitioners can more 
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formally assess the scent of their websites to improve their design, and researchers can employ a rather objective 
tool for assessing information scent in subsequent studies. 
Third, building on other studies that have focused on information scent, our analysis highlights the fact that a 
proclamation of an entire site as having “good scent” or “poor scent” might be quite inappropriate. The analysis 
firmly links the manipulations with the tasks users are trying to perform. Therefore, a site itself should only be 
condemned or praised with respect to a particular task. Our study shows that one site can clearly dominate a second 
site when considering a set of carefully chosen tasks, while the second can dominate the first when using an 
alternative set of tasks. 
Fourth, our study is also unique in its approach to testing the effects of information scent, time constraints, and 
performance on website-specific attitudes through the use of real websites. Unlike controlled experimental websites, 
these websites were rich, deep and maintained by professionals. It is not only unlikely that such websites could 
easily or accurately be duplicated in an experimental setting, but it is also unlikely that their realism could be 
assured or even assessed. The results also support the idea that information scent is not a contrived artifact that is 
only present in an experimental setting, but can demonstrate strong effects with subjects using real websites.  
Our findings show that effort-related stress can be a result of time constraint and a marginal predictor of 
performance. Although we only explained 9.4% of the variance in stress, it is important to note that the impact on 
GSR was measured over a very short time interval with the only major difference between websites being attributed 
to the information scent of the website. There were perhaps many other factors that explained the other 90.6% of the 
variance, including such possible items as differences in personal health, room temperature, personal concerns, 
psychological involvement in the study, and commitment to fulfill the study’s requirements.  
Our model indicates that both scent and time constraints explain a large proportion of the variance in user 
performance (66.1%). Scent has a much higher path coefficient than time constraint, and given that each is a binary 
factor, the coefficients are comparable. Our tests also indicate that performance explains 30.4% of the variance in 
attitudes, presumably due to external attribution of any failures to find information in the difficult tasks. 
Additionally, our study revealed that the effects of stress are interactive with the level of information scent, 
especially for tasks where users expend less effort as indicated by lower levels of effort-related stress. Our results 
indicate that users have an increased ability to perform well for these reduced-effort tasks when information scent is 
high. However, this effect was reversed for the second sporting good website as previously discussed. 
Limitations 
There are several limitations to our study. The first limitation is the use of college students as subjects. While we 
cannot claim that all adults would provide the same support for our hypotheses, there is little reason to believe that 
students would behave and react differently than others in the context of our study. Voich (1995) found students to 
reflect the values and beliefs of employees across many diverse occupations. Similarly, in a meta-analysis of TAM, 
King and He (2006) found that students provide results that are similar to those from other sampling frames. 
Another limitation is that the sites might not be as interesting to participants as sites that they normally browse. To 
address this potential problem, we (1) attempted to make the questions interesting and challenging, and (2) provided 
a monetary incentive for participant speed and accuracy.  
Additionally, the experimental tasks might not represent tasks that the participants normally undertake. We 
minimized this potential problem by moving outside of a controlled and fabricated lab-only site towards four actual 
sites. The sports sites and browsing tasks included a diverse selection of sporting goods, increasing the number of 
participants who would be interested in fulfilling the tasks. Sports of one kind or another are of interest to a large 
number of people. The mattress sites were chosen because virtually everyone uses mattresses over nearly a third of 
their lives, and therefore everyone has at least passing interest or experience with this topic. 
Likewise, the experimental setting might not have mimicked a real setting, whether online or in a physical store. In a 
physical store, stress can also be an issue, when one considers traffic, commuting, and the expense of gasoline. 
Fortunately, the arm bands will provide an opportunity to conduct a future study in that setting. On the other hand, in 
an online store, real users are usually not insulated from reality in a laboratory during time they have set aside. A 
future study could be conducted that allows users to wear the band when they actually shop. Controls will be a 
serious concern in such a study, so the constraints of the laboratory described here should be relaxed carefully, 
gradually, and strategically. 
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For instance, one constraint was to prohibit the use of search engines, which diminished realism to some extent. 
However, as described above, users have several difficulties with search engines (Olston and Chi, 2003), and even 
when searches are successful, users must follow an information scent of the most promising search result. Therefore, 
in future studies, if searching is permitted, step-by-step user actions would need to be tracked and analyzed. 
In addition, the study involved only an online retail store, while there is the opportunity to extend it to business 
applications such as intranets or business-to-business applications. Such a study would need to be taken to the field, 
rather than conducted in a university laboratory with students. 
Also, although the use of galvanic skin response is a commonly utilized measure for stress (Horvath 1978) our study 
found weaker than expected stress differences between subject groups. Two likely explanations are that there are 
many factors that exert stress on individuals simultaneously, and/or participants “gave up” trying to answer 
questions when they encountered the low-scent task-site pairs, no longer trying hard to win the potential prizes that 
could be earned by high performance. 
Finally, the choice to utilize real websites for this study is inherently limiting. In an attempt to mitigate differences 
between websites, we prohibited the use of internal search engines, as the quality of these engines differed widely 
from one site to the next. Also, searching would have destroyed the validity of our results. Additionally, we selected 
websites that were roughly equivalent in depth and breadth. Beyond our attempts to increase experimental control, 
we also standardized performance across websites and controlled for any possible variations that occurred across the 
utilized websites. We believe that the increased external validity from using real sites greatly exceeded any 
disadvantages from lower experimental control. 
Implications  
This study was meant to provide several implications for both researchers and practitioners. For researchers, we 
demonstrated the usefulness of validating an experimenter’s declaration that a site has high or low scent using the 
latent semantic analysis tool. We also link this evaluation to the task that a user is attempting to perform.  
The study also provides a model that links effort-related stress, one possible measure of user frustration, to 
antecedent site characteristics and consequent performance and attitudes. While the model does not explain a large 
amount of the variance in stress, there is evidence that time constraint is a significant predictor of effort-related 
stress. Future researchers might expand the amount of time interval over which GSR is measured by using a task of 
much longer duration and further explore the interactive relationship between stress and information scent. 
For practitioners, the linkage of task to information scent provides strong advice for site designers to produce a large 
set of tasks that a wide variety of users are likely to attempt to complete. Any site is bound to rate highly on scent if 
the designer provides only a set of tasks that were considered in its design. A designer might quickly find that there 
are literally dozens of tasks that were not considered. Had they been considered, the site’s design might have taken a 
dramatically different turn. 
Also, the importance of time constraint emphasizes the need to provide quick access to site contents. This finding 
could help site designers become more competitive and entice more consumers to purchase from online outlets. 
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